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It  has  been  well  established  in  the  literature  that  microorganisms  capable  of 
decomposing  crude  oil  ere  quite  common  in  terrestrial  areas  around  the  world. 

It  has  also  been  well  established  that  the  straight  chained  hydrocarbons  of  CIO 
to  Cl8  length,  the  kerosene  fraction,  are  the  most  susceptible  to  microbial  de' 
gradation <,  However,  the  shorter-chained  hydrocarbons,  the  gasoline  fraction, 
seems  to  be  degraded  more  slowly,  and  in  some  instances  may  be  toxic  to  micro- 
^organisms.  The  ring-structured  hydrocarbons  are  also  degraded  but  at  a  consid-f 
Jerably  slower  rate  than  the  straight  chained  hydrocarbons.  The  biochemical  1 
5  pathways  by  which  hydrocarbons' are  degraded  are  not  unique  or  few  in  number.  I 

jTberc  seems  to  be  a  substantial  void  in  the  literature  concerning  hydrocarbon  f 
decomposers  in  cold  regions  and  the  means  of  optimizing  decomposition  in  cold  | 
i terrestrial  areas.  It  is  possible,  because  of  the  long  generation  times  of  mi-| 
-crobv..  In  cold  environments,  that  oil  spills  in  cold  terrestrial  areas  may  be  * 


bv  places  where  microbial  inoculation  may  be  beneficial. 


waver, 


r.  ..luabieme  biological  action  is  limited  by  environmental  conditions  and! 
the  presence  of  microorganisms.  3 
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MICROBIOLOGY  OF  TERRESTRIAL  CRUDE  OIL  DEGRADATION 

by 

P.G.  Hunt 

INTRODUCTION 

The  utilization  of  petroleum  for  products  and  services  throughout  the  world  has  increased  to 
monumental  levels  and  large  utilization  increases  are  projected.  However,  benefits  that  are 
realized  from  the  use  of  petroleum  products  are  somewhat  negated  by  the  hscreased  probability  of 
environmental  damage  from  mishaps  in  the  handling  of  petroleum.  A  parti  rly  critical  area  of 

potential  pollution  is  the  transport  of  massive  amounts  of  both  crude  and  >od  petroleum  by  ship 

and  pipeline.  Notable  oil  spill  disasters  such  as  the  Toney  Canyon  and  Santa  Barbara  spills  have 
already  occurred,  but  considerable  progress  in  prevention  and  clean-up  materials  and  procedures 
has  been  made  (personal  observation  at  the  1971  Conference  on  Prevention  and  Control  of  Oil  Spills). 

However &roa> inost  oil  mishaps  have  been  on  water  most  of  this  progress  has  been  in  the 
area  of  aquatic  spills  and  relatively  little  has  been  done  or  considered  in  the  area  of  terrestrial 
spills.  Yet  numerous  petroleum  transport  systems  are  terrestrial.  For  example,  the  proposed 
Alyeska  pipeline  will  cross  800  miles  of  ecologically  sensitive  terrain  in  Alaska.  Then  the  poten¬ 
tial  for  massive  ecological  damage  from  terrestrial  oil  spills  exists.  Terrestrial  oil  spil1  clean-up 
is  difficult  in  any  area,  but  in  Alaska,  where  permafrost  soils  and  slow  growing  vegetation  are  pre¬ 
valent,  the  potential  problems  are  magnified  immensely.  In  such  a  sensitive  environment  ,  physical 
and  mechanical  clean-up  may  cause  more  ecological  damage  than  the  spil:  itself.  Therefore,  after 
the  potential  water  pollution  and  health  hazards  have  been  addressed,  one  of  the  most  logical 
approaches  for  treating  a  terrestrial  oil  spill  in  Alaska  is  by  microbiological  mean,.  This  report 
concerns  the  topic  of  microbial  decomposition  of  crude  oil  in  soils. 


CRUDE  OIL 

Crude  oil  is  composed  of  numerous  organic  compounds  that  originate  from  direct  or  indirect 
biological  action.  The  components  can  be  classified  as  paraffins  (alkanes),  cycloparaffins  (cyclo¬ 
alkanes  or  naphthenes),  aromatics,  asphalts,  and  combinations  of  these  (Davis  1967).  Other 
classifications  of  crude  oil  are  also  commonly  used;  Morrison  and  Boyd  (1966)  used  distillation 
temperatures  and  carbon  number  to  denote  certain  fractions  of  crude  oil.  The  composition  and 
characteristics  of  crude  oil  vary  greatly  with  source,  but  compared  to  the  extensive  number  of  possible 
compounds  and  isomers  the  variation  is  relatively  small  (Meinschein  1959).  The  aromatics  are 
normally  iound  in  lower  quantities  relative  to  the  paraffins  or  cycloparaffins,  and  cyclopentano  and 
cyclohexane  often  constitute  large  portions  of  the  cycloparaffins.  The  three  primary  elements  other 
than  carbon  of  the  asphaltic,  non-hydrocarbon  fractions  are  oxygen,  sulfur  and  nitrogen,  in  some 
instances  the  asphaltic  fraction  composes  as  much  as  50%  of  the  crude  oil  (Davis  1967).  The  as¬ 
phaltic  crudes  are  often  more  toxic  and  less  bi  jdegradable  than  other  types.  However,  spillage  of 
any  type  of  crude  oil  releases  a  large  variety  of  organic  compounds  into  the  environment,  and  their 
removal  with  the  least  health  and  ecological  damage  is  imperative. 
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CRUDE  OIL  DECOMPOSING  ORGANISMS 


Hydrocarbon-utilizing  microbes  are  found  from  the  tropics  to  the  Arctic  and 


their  presence  in  the  high  seas  to  be  practically 
utilization  of  hydrocarbons  by  the  genera,  Pseud 
(1906),  Kaserer  (1906).  Stdrmer  (1908).  and  Tan; 
carbon  decomposing  organisms.  FOhs  P&Gi)  lis 
hydrocarbons.  Streptomyces,  Nocard  ia,  Mycobacterium,  Cor/ncha 
cited  as  the  most  commonly  isolated  hydrocarbon  decomposers  ■ ; 


her  locations  (Miget  el  al.  1969.  B 
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number  of  isolated  hydrocarbon  decomposers  reported  is  extensr  ■,  they  were  .y-'.v-'aily  isolated  by- 
plating, 'and  plating  is  considered  to  isolate  only  1  to  10%  of  th°  organism*  pres  nu  m  a  plated 
soil  (Casida  1%8).  Foster  (1962),  for  instance,  ci-ed  some  organisms  that  con’d  not  grow  on  hydro¬ 


carbon  media  but  oould  grow  on  the  more  selective  media  that  utilized  N’-t rider. me  the  sn.-.  i-: 

carbon  soutce.  This  serves  to  illustrate  that  numerous  organisms  in  the  environment  can  degrade 
oil  at  very  slow  rates,  but  their  isolation  and  rate  of  oil  decomposition  depend  upon  the  selection 
conditions  to  include  competition  with  other  organ;  ms  for  carbon  sources,  mitrien-  s  ,u  d  moisture. 
In  addition  to  those  organisms  that  grow  on  hydrocarbons,  some  organisms  oxjd-ze  •■drooarbous  bv-t 
do  not  utilize  them  for  growth  (Leadbetter  and  Foster  1959.  I960.. Davis  and  Raymond  l%i).  7'hus, 
when  the  large  number  of  hydrocarbon  utilizers  and  oxidizers  is  considered,  it  bo:  :■  ra  ipport-T 
that,  even  though  some  organisms  can  decompose  certain  factions  of  crude  oil  muo  a.o; e  reahtb 
than,  others,  the  decomposition  of  crude  oil  in  the  roil  is  carried  out  by  numerous  at; isms  rather 
-ban  by  any  particular  species  or.  as  will  be  shot"" .  by  any  particular  biochemical  pathway. 


B10DSGRAD ABILITY  OF  VARIOUS  CRUDE  OIL  PRACTION8 


Zobell  (1969)  stated  that  more  organisms  were  capable  of  decomposing  CIO  to  C18  (kerosenes) 
than  any  other  fraction.  Similar  findings  have  been  reported  by  Hater  et  al.  (1970).  This  pattern 
of  degradation  would  be  intuitively  expected  since  these  compounds  are  not  as  volatile  as  the 
shorter  chained  hydrocarbons  nor  as  sterically  complicated  as  the  larger  or  branched  hydrocarbons. 
Davis  (1967)  stated  that  the  gaseous  hydrocarbons  of  low  molecular  weight,  methane  through  n-butane, 
were  oxidized  at  a  rate  usually  limited  by  the  solub.lity  of  the  gas  in  the  aqueous  surroundings  erf 
microbial  cells.  The  gaseous  phase  of  5-10  carbon  hydrocarbons  was  also  reported  to  be  utilized 
most  readily.  However,  the  liquid  phase  of  these  low  molecular  weight  hydrocarbons  (paraffins  and 
cycloparaffins)  was  found  to  retard  microbial  growth  and  in  some  cases  be  refactory.  Similarly, 

Davis  and  Raymond  (1961)  found  that  aromatic  hydrocarbons  of  this  size  were  often  toxic  to  growth 
of  Nocardia,  but  the  toxicity  was  mitigated  by  the  presence  of  other  degradable  hydrocarbons.  This 


supports  the  view  that  the  organisms  in  a  natural  system  such  as  the  soil  of  an  oil  spill  area  would 
be  less  affected  by  toxic  components  of  crude  oil  than  organisms  exposed  to  a  medium  containing 
a  single  toxic  component  of  crude  oil  as  the  carbon  source.  McKenna  and  Kallio  (1965)  demonstrated 
the  variation  of  biodegradability  of  hydrocarbons  with  molecular  structure,  using  growth  of  species 
cf  Micrococcus,  Pseudomonas,  Mycobacterium  and  Nocardia  as  their  criteria  of  degradation.  Even 
r-ir-  methyl  group  on  a  straight  chained  hydrocarbon  reduced  it?  utilization,  and  dimethyl  or  espe- 
‘  "’”v  nr*op°TiTyl  groups  greatly  reduced  microbial  utilization.  Alkanes  with  terminal  phenyl  groups 
u* '.•!?  mcro  readily  than  alkanes  with  phenyl  s y hr  itution  along  the  carbon  chain. 


p 
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MICROBIOLOGY  OF  TBRRMSTR1AL  Cf&BE  OIL  BEGRADAT'OH  3 

Daviit  (198?)  reported  thw,  extracts  d  oil  from  soil  under  both  field  ami  laboratory  conditiona 
we«  character  iMd  by  high  sbuorptloa  of  luftared  at  itf.SSg  and  JS.4p,  Indicating  large  perscatagt# 
of  wowa'lc  smtctaros.  He  also  found  that  even  altar  4SHW1%  by  wo igiit  of  ct udc  oil  su  decompose  1 
tlwe  wuu  vmy  little  change  ju  tho  oil  ewapoaition  o-'c'.jpt  the  paraffin?.,  The  Tow  degradation  at 
the  aroeiaUcH  was  also  indicated  by  ZabslI  (1968)  who  found  that  polycyclic  hydrocarbons  m  wmli 
as  paraffine  were  oxidised  by  bacteria  ro<«e  readily  than  wee  6004800.  These  studies  indicate  that 
the  highly  volatile  and  straight  chairwd  fraction#  of  crude  oii  are  likely  to  be  removedfumr  Mr  til 
lipill  area  in  a  few  weeks  w  moot  bn  under  ideal  conditions.  Their  removal  under  poor  degradation 
<;tir,d.i»h>m»  will  still  li*-  nine  rapid  tlian  tho  highly  branched,  asphaltic  and  aromatic  typo  compounds 
which  are  likely  to  remain  to  an  oil  apiii  area  lor  extended  peundu  even  taalw .  hical  cuuIUlbiis. 
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Figure  J.  A  schematic  ot  the  TCA  cycle  (Conn  and  Stump/  1966). 
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■ '  '•  BIOCHEMICAL  PATHWAYS  OF  HYDROCASSOK  DE  10IIP3SITI0H 
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The  fricarbosylit*  achi  <TOA)  cycle  and  the  beta  oxidative  pat!  way  (Fig.  I,  g)  will  be  dis- 
ciissed  itv  geherai  terms  to  he»?  the  reader; who  is  not-biologica Ay  oriented  understand  '  mv  the  de* 

Rradation^prodticts  of  hydrocarbon  are  converted  to  energy,  me?:  Mtes,  CO,  and  •  Hov/cve r  , 
neithbrithb  prSOise  biochemistry  of  these  processes  nor  their  e..  .  .notion  to  vatic--’  -  Invar  n»L> 
bolitos  are’hddressed.  These  topics  arc  discussed  ably  by  Mahler  and  Cordes  (1966),  White,  Handier 
and  Smith  (1968),  and  Conn  and  Stumpf  (1966).  The  reactions  that  are  presented  are  not  intended  to 
be  a  complete  list  of  the  hydrocarbon  degradctiVe  pathways,  but  they  are  examples  of  how  several 
fractions  of  crude  oil  can  be  degraded. 

R— CH2— CH2— COOK 


ATP 
Co  ASH 


r  s  ».;•> 


o 


R — CH2 — CH2 — C — S — CoA 


() 

II 

-C-S-CoA 


O  O 

!!  li 

R — f  -Cfi2 — C — S — CoA 


CHOH 


O) 


-2H 
tj.vridint-  ntic 


-\r.y\  Uuokmases 
acyi - i  e\r/\  ( * v. h  ^  (1  ro? f<* n 


( 4  i 

vV  «'  *• " 


r — rny v-?  v  ?  ( 

■  oaevl  liiiolr. 


rvarogenase 


" ,  ,  ,  f . . 
t. 


•  v , 3  c  - 


:-i:»  j.jiai- '  r*  :iu«issw.*MreaS"imSF  >  c  -  wm . . . 


> 

I  i 
>  = 

i  | 

!  MICROBIOLOGY  OF  TERRESTRIAL  Off /OB  Oil  DEGR  A  DAT  I  OH  n 

r  j  Id  ft  toy  Sew  of  th?  biology  of  bydfocsfbw*.  McKenna  and  KalJio  (1935)  •  •  lte.1  wvcral  organism:; 

j  thu  producod  aleufaola,  soldi,  -.?U<  tu  Awl  k«ton«s  in  tlwir  deeompwiition  of  BBlwnted  aliphatic 

I  hyurwJKDous  (piuntTiau).  They  pronciued  tlirea  major  pathways  of  degradation  (Fiji.  3).  In  lS»e« 

reactions  the  only  thlike  that  separates  the  hydtocwbai  from  typical  fatty  acids  of  lit*-  various  v»M- 
|  dative  proconneit  in  the  widittuti  of  a  carlioxyl  jnmuu  to  oiuj  <>i"  tho  terminal  oMbonn,  an  addition 

that  car.  be  brought  about  by  relatively  simple  biochemical  nayganattons  and  hydiotyutioo.  As 
shown  in  Flgwe  d,  tin  wU  can  rendUy  be  dein*d«Q  iteotKh  /i-osldMlc*n  to  ncntyl  f,'t>A  n«  acid  of 
two  lags  cshffl  letqith,  *nd  energy  in  the  its  mi  u»  reduced  pyiiiUiso  nucleotides  and  flavin  cocnzyme*. 
la  addition,  the  KdStyl  Cu-A  can  enter  tho  TCA  cycle  and  bo  dw.:t*iiip*med  to  *  '■< water  and  ooatgy  or 
rhi-:  »fu*  ng,  liiia'.hfimiivil.  jirtHp.mnop.  Thun,  tin*  niinphi  Idnchentitifry  of  the  degrade*:  Ivm 

paraffins  In  cunHistunt  with  ibeti  relatively  rapid  decomposition  id  oil  spill  area*. 

Mtltaima  And  Kailio  (1065)  also  cited  raao.vch  that  dusaBstratad  that  Candida,  a  yeast,  could 
degrade  alkenss  by  (milling  did*  from  the  double  bend,  but  bacteria  preferentially  oaidizod  the 
saturated  eub  o(  idktmuu  (Stewart  et  al.  1960).  Psaucfornonss  hnn  bmm  nhown  to  degrade  alkenee 
by  h* nation  of  epoxide*  at  the  double  bard.  These  general  pathways  are  presented  la  Figure  4. 
Again  in  the  cim  of  alkonen  the  biochemical  stops  required  ft*  these  compounds  to  enter  the  com¬ 
mon  osMstive  patiiwaya  are  Binpic. 

The  eycloparafflOB  and  aromatic  compounds  have  been  shown  to  be  much  loon  degradable  than 
the  aiktunw  w«i  alkenea,  but  they  are  Uugiudod.  Often  the  degradable  side  chains  of  a  ring  compouml 
will  bn  doKfaded  before  the  ring  is  cleaved.  Both  eyoloparaffin  and  aromatic  rings  tend  to  be  de¬ 
graded  vis  the  formation  of  diols  and  dhtoida  (Klllut  et  al.  1969),  mid  dopuodlng  upon  where  the 
Aromatic  ring  lire  aka  a  diacld  ot  sjomialdehyde  is  formed  (Fig.  6).  Some  cycloparafflns  can  be  con¬ 
vened  to  a  common  cellular  constituent  by  relatively  simple  steps  such  an  decalln  to  adipic  wild 
oi  plmellc  acid  (Fig.  6).  Adipic  acid  nan  lie  shuutod  to  the  TCA  cycle  an  uucciniu  acid  by  ac 
oxygenation  and  the  removal  of  a  terminal  acetk)  group  os  acetyl  CO- A.  piinulic  acid  lti  involved 
in  biotin  synthonis  In  wane  mierwaganismn  and  Its  diamine  fonu  1h  a  cell  wall  component  of  many 
bacteria. 
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The  more  complex  ring  compounds  are  sterically  more  complicated  and  their  degradation  re¬ 
quires  more  complicated  enzymes  than  those  required  for  paraffin.  However,  even  fra  this  group  c£ 
compounds  a  degradative  pathway  that  is  relatively  simple  can  be  envisioned.  Figure  7  shows  a 
schematic  fc*  pheoanthreoa  and  anthracene  degradation  to  catechol.  This  degradative  scheme  is 
even  more  enlightening  when  it  is  realized  that  many  organisms  readily  convert  catechol  to  suc¬ 
cinate  and  acetyl  CO-A  (Fig.  8)  (Lamanna  and  Malette  1965). 

The  asphaltic  fractions  of  etude  oil  are  degraded  by  similar  pathways,  but  their  degradation 
involves  desulfation,  diamonization  or  some  similar  step  that  adds  another  restrictive  factor  in  their 
degradation.  Thus  it  can  be  seen  that  the  degradation  of  crude  oil  components  occurs  via  many  very 
common  biochemical  pathways.  However,  the  reactions  can  easily  be  limited  by  one  slow  step  or 
environmental  condition.  Seldom  are  the  conditions  in  soils  such  that  an  organism  which  grows  on 
one  of  the  mote  complicated  components  of  crude  oil  will  be  able  to  compete  favorably  with  those 
organisms  that  grow  on  relatively  simple  compounds.  Therefore,  actions  that  change  the  limiting 
growth  factors  of  hydrocarbon  decomposers  to  optimum  levels  will  probably  be  the  most  effective 
means  of  increasing  the  rate  of  microbial  degradation  of  crude  oil  in  spill  areas. 
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ENVIRONMENT*!.  r.oM0fpif>ws  A??50‘TK;G  CRUDE  xnh  DuKttjPirMTIUN 

A*  previously  discus aed,  utimernn:.i  ink:  wtKanisL-w  aro  capaoio  of  utilising  hydrocarbons  •  i 
M»»ir  tutiwii  «f  I  lov,’!.-.-'  -,  iiiiMi  'iOifj  i.’viii’unjiia  hiipodo  or  change  the  pathwaya  < 

trytlrovarbi.-ii  •luct-mponition. 

Possibly  the  moat  prurot-aowl  effwt  of  n  large  terrestrial  oil  .spill  on  a  microbial  popul  t1  u 
b:  nw  SLsJiiiiii  )*uHt+r<oe  of  an  almost  unlimited  an«uut  of  docwuuossbje  carbuu.  Bactnrln  »«nrt  in 
«;«:ito{nr...-rr.  t»H  components  tnuro  readily  than  the  pmgl  tw-limi.-nycetes,  but  thuy  aru  goiu  r» 
all;  loon  officiant  ntllb'.orn  of  adtUul  otubou  material  (ARtcamftn  liWi).  They  nxcrete  largo  per¬ 
centage*  of  acids,  alcobols,  katenoa.  o ‘Ilw  carbon  «  crude  oil  way  quickly  travel  mvoy  different 
biochemical  routes  auuli  an  boittg  ovelvud  an  (!(),,  swreted  or  ntymtsd  an  a  call  inetfihel*  t* 
■•Lifal'MiHo.  ;‘f  inc^,".futcu  luf.t'  collolur  material.  Niuttoitme  fungi,  itctiiKMiiyoetea  and  !)»«•  tu  nw 
M>lb  t*>  unit  ■"  the  (Hierothin!!  and  tHietollmin  of  bucturla  that  attack.  tlm  more  complex  or  blot'.nomt- 
fully  0.  uiric  .( aim‘«df*|OHtu  to  Uto  tin II  (A iii*mnlni  1vh31>.  Tiiuu,  s  largo  population  III 
liyih'c  ’MhiiP'  -ihvihinj  sera  will  Accompeny  l  ho  inortitmo  In  tin  li>dr(>!’arlH«t-doi:oni|K«iiy  population. 

I*1:-  -  iH£.Tt4»ial  popolntioa  10  expand  r-  ohlly  it  muat  be  able  to  produce  eufflukul  protoin. 

Whan  th*  eottfco  of  oxldieablo  carbon  la  ala  <ui  unlimited,  as  in  tu  oil  spill  area,  the  iiniUin;<  fw> 
it*  lu  t*.  tuhi  production  tB  often  the  »v* liability  of  suffJuioiu  untrioutH,  oaponiaiiy  ami 

it  !•.-  phoiH'bthUU  aic  uiiU'Ktuuliy  available  the  population  of  hydrocarbon  ihj- 

will.  l«»  in  conqietition  with  tho  utilixnrs  t*t  the  rfucotuposition  product  u.  'Hu  two  ty  poe 
of  populations  ate  titeii  likoiy  to  increase  and  Ajolte  in  a  cyclic  (athliw  with  ono  type's  c.iewlli 
! i ? jj i l  J  bj  j».ik  <m  ikusuui|KWHiqfl  jvoduetH  a-nl  tho  by  lank  of  iuutfoi*H.  Tiwrofi.no,  one  rt 

the  obvious  ways  .n  IncroMing  tlm  rato  of  crude  oil  UePonijxttjhhut  le  to  optlmtMi  thti  oouctni 
tratioRc  ttf  nuirhuitn,  r  •tlc.ularly  pHrngw;  and  iihoapkoi .  t. 

■‘a  i  piiyuiolftyy  <n  i.muy  organisms,  Imtii  an#Hrt4r:u  *t'd  anrobli-.ls  pH  cbnuUIvc.  “it  i  Dilro'yiH 

..  ■  r,.  , ■  in  tow  f.‘l >  Holti#,  h  nil  Qtlyr.rly  gtnsyn  nHiiir*?*!  iy:  fof  nPi-ifi,*,  vb  n  ».mI 

> ihj  tiuhsequeiu  availability  of  nhreyten  ft*  ik'itooifMmtUK  WKtudufiiS.  In  ndilltlut  to  flw  bio!tt}<lctrl 

* r ; f ,  ■ :  I  elubiHty  .jbi  m  whh'h  in  <ifiio*!lv  bound  't.o.o  iimolniihi  ir.»( 


mCROUrOlMGV  4JS  Ts,HH^TiU^L  LUUJiJ£-LUL  uEU  RABAT}  un  ft 

Wiii  hJ  urn  in um  » Cfifw  tolcw  m||  fl  ipd  ctlciw  I'onrim  =  pH  B,  i#  hujtt#i-*-  wilfttii  IW  pH  tsrHgi  iM 

f?'B  Soil  pH  cMi  ^iljijmied  with  nuiril^r  rt  f^od^j ti  bis  fHtfw?  i  Lfw  or  lio?#  is  oOMMmiy  uwti , 

I  i*  •  .i'l 1 1 : : »t i j;=. - 1 s i  \:4  fs.ijl  j»j  i  ? ;l? . I il  js •  tgif*  f.?t  1  lift  I  Hhi  MOf»i*  in  s  1 1 v  b|o!  <h£  K  Mil  for*  OrV  0€  Afi  oil  Spill 

,  •  *  !  f  I  e  *  'a  r'nfif  ■ . »  i'i a  ;■  .1  ■  .  |  j * ■  •  } 

r'ljcu-  tiily  1  be  most  !iit{«w( ;u>;  bid  .mi.MiH  hi  coMtrui  •,  ! sVirt_»0*!*i'  f!  coinlii  l* *m  mi  cMmIm  i i 

rsilal  ion  i  >  . "  . it  I  t.  r  t.“  y-.e  .  i  to  tsnsOire  a, .  . .  *  I .  * .  eondulcus,  ly,!.  i  *a  '  1 1  r  o  trying 

,  :i  .-.■■i,  .Vit.  dm  i  iii.jni  ui  mui  *  -  .  ••  un .  ; crisis  Lidded  :  e  lie  soil  lypKUdlV  1  a  u  vm  I  "fi'n  'Ml  “I  i  he 

tli  1 !  S  •  •  r  i.  t  ;mM  iii  ’ 1 '  C{:l!»i!n  lesser  lai ,  Mu.  aiiae.  ..he 1  (M'ffMMIH.Miii'ii  llool!,HUy  r46.  mi!  V  . ;  b  1  iy  e.yMVcii 

a,  , iM  mil  iv....!  i  ■  .  .Hhll.'e*  leaten  al  t.A  U'.Tati'.i'Mr  11KU).  iliit';,  y/li  *i  ;  M  l : !  i*-!Mi  »'.H!*h- 

,  ■  .*  .  l:  . .  I  .  ’.  I  ■  i  i  i  ;  ■  .  Il  *  •  ■  -  i  - !  *  I  -  -  M  •  H»  nit  ;  '  et;  I  ■  ■  !  I  V  .  *  .1  a»  ,  1  *’  !  I » ■  *  •  •  >.<1 .  m '  I '  t  i 

(M’lrMi:  I  ly  I  hi  nigh'.  in  relation  to  waterlogged  ayii,  hut  aju.*sfijbiuai8  Can  bo  croitfid  t'V  a  I  a  (ltd  eon- 
;  iiniji;  mui  tii‘  In  imuiy  histumum  wham  large  amounts  of  oxygon  are  ciinsunwil  during  du- 

<■  '> 1 1 •  | ■  ■  i ' 1 1 nf  Hit  added  organic  material,  wI’.vjm'im  epoHurnp* ion  will  coco.  i  the  diffusion  rate  of 
oxygen ,  and  tins  soil  uv It'  lOtniit  will  imeofue  anaerobe:! .  Thori  the  ml  fcibiftl  pi .nidation  will 
oRi'iUnio  in  teapot ow  to  list-  aerobic  anti  aitMtrtobic:  conditions;.  Under  those  condition!  .  those  or¬ 
ganism!?  that  at**  able  to  itHf«w(iti0n  ninths  oil  nmier  imsIi  aorolnc  ninl  aiotctolm:  cotitli'  tons,  faculla- 
livo  txgttnttMiis,  have  a  ilmiinct  atlvaniago. 

Since  fBty»en  diffaswB  ihrottgh  oil  more  rapWly  thanw«#f,  oil  ■pill*  teal  occur  on  waitn-siiliMauttl 
ts  highly  mob'.l  soils  have  lowot  r«ctt  of  oaygen  *1  ifTualoct  and  consequently  r.lowi-  inlet ohla!  us- 
COropoBition.  In  addition  work  by  fdcCc?wn,  Brown  and  Mufttusitn  (1971)  mdicates  tluU  a  spill  bo  a 
wuteflOfypd  soil  ttijnld  cover  men',  stmace  mv,<  hecau***  oi  slowm  oil  p-mvlratloii  into  U»  soil  p»o- 
filo.  In  this  type  of  situation  miofoblai  degradation  would  bo  exbnedinply  slow,  and  111*  possihllity 
fw  extensive  water  pollution  and  beatth  hazards  exists.  'ITius,  mechanical  means  of  oil  spill  re- 
covory  and  abatement  may  be  required. 

Tomporsture  has  a  pronotMK»d  effect  mil  olh  chemical  and  biological  reacti«*a,  and  the  low 
ttunperatures  of  Alaska  have  an  impeding  effect  un  the  rate  of  oil  spill  recovery  by  microbial  means. 
At  temperatures  near  ilw  minimum  twr  an  otsauisiu  uwiaboUmu,  the  ttoueiatiiHi  limt:  is  oilcu  iimtcaiiyd 
as  much  ns  L*G  to  110  times;  (I.amantta  tu*d  MaltwUe  19B5).  Tl-is  is  probably  why  oil  degrading  micro- 
ol'Katiisiim  have  been  observed  to  isicnmae  the  tale  rtf  degradation  of  Prudhuu  crude  at  IG’  C  (Patrick 
limit,  nit  published  data).  The  exact  mode  cr  microbial  inhibit  um  by  low  tomperatOTes  is;  not  known. 
Ini’,  most  organism  i  reach  their  minimal  temperature  before  'heir  protoplasm  ceases  to  exist  in  a 
hoe  hi  ale. 

iinViU  VM" ,  ‘iomu  organ i.mm;,.  flu.  [Kiyeiiruphilcs.  grow  beat  at  teiufieralurps  Imtweeti  0  and  P.r»"C, 

.'-i'll  nniiicioUb  orgmiiKins  nudi  as:  aicac  in  the  North  ‘lea  (Kobo  t  IS;  noil,  poauiia!  communication) 
and  Inin  i  o.  USA  <  'RKKI  ,‘a  c  H'lnalrost  luimel  tpurnunal  ohaerv.'.ion)  arc  known  t  a  carry  on  mci  aim* 
liaoia  beluv.  O’C.  In  addition  genetic  uoloelion  fur  those  taganiums  that  can  canv  on  aubtiantial 
mutaoolifan  w  low  teniperaiiffoa  should  have  occurred  hi  Ai<-«ka.  huuitwel.y,  U  would  seem  that 
thorn;  organ iemn  Him  could  carry  on  subutmuinl  iifdatKilinn,  at  low  tomptratiui-.si  but  incroasu  tliuir 
rreM  rsboliain  during  the  «»•  nmr  Alsskan  Hummer  would  surv  c  Imttor  than  iho  truo  p  iyclirorsbilea, 
inn  a  aiibstunt  ial  von!  c.cims  in  Un.-  lileratt.su  concerning  nncroljial  ihviHiip.-rh  1  u.  itf  hydri  carlo  him 
undt  f  cold  c .nidi i  ions’, .  'I  h  •  efteci  of  temporauirc  cm  hyiircnjurlmn  decomponision  is;  further  cuinoli- 
i  aii  ..I  h;  Un.-  fact  that  many  to  act  ion  rati!,  arc  depemiem  on  vapor  prcrmntv-  and  v.tp  ;•  prcumiKv  dc- 
e.tca.ieb  with  tomportutiro  (!  ■  vin  iftf)?). 

'Un  liiMirai  tinu  el  many  ori'miitmiii,  <*iivironiiKuit:ii  coudltnuc.  and  human  icnj  insH*!;  has  Ifcii 
;  lu’Wii  ro  he  involved  hi  erude  oil  degradation  and  hi  nrparal ion  into  soil  organic  tintrcfi,»i  nnd  tli  ■ 
poH-isc  (sriH'fssses  ilc.s’  v  tl!  Ik*  most  imimrlHiit  at  any  «mo  iiuit  arc  mil  ex  licitly  c1..  m.  However, 

<">'•  thing  is  cleat  *  i.,  :t  i '.old  tniviroiimi'Mi  s  uch  ass  Alaska,  the  n;  lural  recovery  oS  an  oil  spill  will 
:  iov.  a*ui  may  os!..-  i  -c-  limn  10  to  I'D  years,  (l.'ick, ltd  and  Hon-d.o  1HV1).  In.f  ii  i;,  tjim..  )ik< ; fy  0,. 

I  .  |  |I  1"  'll’;;  team  t;  i  ii  .  HVIIVHIliHMil;'.!  dailiagc. 
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